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Abstract
Optokinetic nystagmus (OKN) can be demonstrated from birth, but behavioural discrimination tasks such as habituation and
preferential looking do not reveal any sensitivity to motion direction until a few weeks of age. This study compared coherence
threshold for motion direction for OKN and preferential looking responses using closely comparable stimuli, in infants between 6
and 27 weeks of age. Infants were tested with two random dot motion displays, a uniform area of moving dots for OKN responses
and a display in which a region was segmented on one side by diﬀerential motion direction for preferential looking responses.
Coherence thresholds for each response were determined by a staircase method. For OKN responses, mean coherence thresholds
were between 20% and 25%, with no signiﬁcant improvement in OKN performance throughout the age range. Preferential looking
thresholds were signiﬁcantly higher than OKN thresholds. Preferential looking thresholds improved signiﬁcantly with age, but
remained higher than OKN thresholds throughout the age range tested. Experiments varying direction reversal frequency and
stimulus area indicated that these diﬀerences were not simply a consequence of the spatial and temporal non-uniformity of the
preferential looking stimulus.
The diﬀerences in sensitivity levels and age trends for OKN and preferential looking responses we have found suggest that dif-
ferent directional mechanisms are involved in the two responses. We discuss the possibility that, in early infancy, OKN and
preferential looking reﬂect the performance of subcortical and cortical directional mechanisms respectively.
 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Motion processing is a fundamental aspect of vision,
serving a number of important perceptual and behavio-
ural functions. It is a pervasive feature of vision across
vertebrate and invertebrate species. It might be expected
therefore that sensitivity to directional motion would
be an early developing feature of vision in the human
infant.
In the new-born, optokinetic nystagmus (OKN) can
be elicited if the stimulus is a full-ﬁeld or large, high-
contrast, low spatial frequency repetitive pattern
(Kremenitzer, Vaughan, Kurtzberg, & Dowling, 1979).
This implies that some directional motion processing
mechanisms in the visual system must be present at
birth.
However, other methods of testing infants directional
mechanisms suggest a diﬀerent developmental time
course. Behavioural and evoked potential measures have
shown evidence of directional sensitivity in infants in the
ﬁrst three months of life (reviewed by Braddick, 1993;
Wattam-Bell, 1996a). Preferential looking (PL) studies
show a preference for moving over static stimuli from
birth (Kremenitzer et al., 1979; Nelson & Horowitz,
1987; Volkmann & Dobson, 1976). However this pref-
erence could simply be based on a preference for stimuli
with temporal modulation (Regal, 1981). To test ex-
plicitly a preference that depends on directional mech-
anisms, Wattam-Bell (1994, 1996b) used stimuli in which
a target region moved in the opposite direction to the
background. He found that one-month-old could not
discriminate these patterns from those with no segre-
gation. Wattam-Bell (1996a) reviews experiments that
have investigated the onset of directionality and pro-
poses that sensitivity to direction emerges at about 7
weeks of age. This is consistent with a recent preferential
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looking study by Banton, Dobkins, and Bertenthal
(2001) that found direction based segmentation present
at 12 weeks but not at 6 weeks.
One interpretation of the diﬀerence in behaviour seen
in OKN and PL experiments is that they tap into dif-
ferent neural systems. For instance, it has been argued
that there is a signiﬁcant subcortical component to in-
fants OKN responses (for reviews see Braddick, 1993;
Braddick et al., 1996; Wattam-Bell, 1996a). This mech-
anism may be speciﬁc for oculomotor control and may
not feed into visual preferences. However there are also
diﬀerences between the stimuli used in PL and OKN
experiments. OKN depends on a large uniformly mov-
ing ﬁeld while the PL technique depends on the infants
attention being attracted to a stimulus containing mo-
tion discontinuities.
To compare and distinguish the two responses to
motion, it is desirable to have a measure that can be
used for both types of response and one that is more
informative than the simple presence or absence of a
response. Motion coherence thresholds for random dot
patterns provide such a possible measure. Wattam-Bell
(1994) measured coherence thresholds for preferential
looking at a region deﬁned by direction diﬀerence and
Banton and Bertenthal (1996) have shown that infants
coherence thresholds can also be measured for OKN
responses elicited by uniform motion.
Wattam-Bell (1994) showed that for preferential
looking there was progressive improvement in coherence
sensitivity between 11 and 16 weeks of age (the age
range he tested). Under the best conditions he tested, the
behavioural coherence thresholds were around 70% at
11 weeks of age, improving to around 40% at 16 weeks
of age. By adulthood the psychophysical coherence
threshold for the same stimuli was around 5–7%. Ban-
ton and Bertenthal (1996) found little change in coher-
ence sensitivity for OKN between 6, 12 and 18 week old
infants. They calculated the coherence threshold to be
36% at 6 weeks, 29% at 12 weeks and 37% at 18 weeks.
This compared with an adult level of 11% in their ex-
periment.
These studies suggest that on the common measure of
coherence threshold, OKN and preferential looking
show disparate patterns of results in younger infants
with results that converge around four months of age.
However the two studies in infants (Banton & Berten-
thal, 1996; Wattam-Bell, 1994) tested diﬀerent infants,
used diﬀerent methods of determining threshold, and
had a number of diﬀerences between the stimuli in-
cluding slightly diﬀerent stimulus speeds. The present
study aims to make a direct comparison between co-
herence thresholds for preferential looking and OKN
testing the same infants, using the same measure and
using stimuli that are as similar as possible subject to the
diﬀerent requirements of the two methods. We report
four experiments where the stimulus parameters have
been varied in order to cover, as far as possible, the
respects in which the stimuli diﬀer.
2. Methods
2.1. Stimuli
For both the preferential looking display and the
OKN display random dot stimuli were used. These are
illustrated in Fig. 1.
In each case a proportion of the dots moved coher-
ently, while the rest were repositioned on each frame.
The preferential looking display was based on that used
by Wattam-Bell (1994). Two patches of dots were pre-
sented. On one side the patch was segmented into three
horizontal strips, with the coherent dots in the central
strip moving in the opposite horizontal directions to
those in the upper and lower strips. The patch on the
other side of the display was not segregated; all the co-
herent dots moved in the same direction as the upper
and lower strips on the ﬁrst side. In the OKN display
Fig. 1. Schematic illustration of the preferential looking display (upper)
and the full screen OKN display (lower). The motion of coherent dots
is indicated by arrows; incoherent dots (without arrows) were reposi-
tioned randomly on each frame.
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there was just one patch of dots in which all the coherent
dots moved in the same horizontal direction. In addition
to the full screen size OKN display, a part screen OKN
display was used in later experiments.
Fig. 1 indicates the overall dimension of the prefer-
ential looking and full screen OKN displays. In the
preferential looking display there were 1056 bright dots
(14.2 cd/m2) on a dark screen (0.9 cd/m2) in each patch.
In the OKN display there were 2112 bright dots in the
full screen display (Experiments 1–3), and there were
528 dots in the part screen display (Experiments 3 and
4). The dots subtended 0.26 deg at the viewing distance
of 50 cm. The dot density for the preferential looking
display was 2.46 dots/deg2 and for the OKN display was
1.9 dots/deg2. Coherently moving dots had a lifetime of
80 ms (4 50 Hz frames). Dots were randomly assigned as
either incoherent or coherent dots and remained so for
the duration of a trial. When all the dots were assigned
as coherent, 20% of the dots on any given frame will still
have come to the end of their lifetime and their successor
dots will appear at an unrelated position on the screen.
Consequently the maximum eﬀective coherence of the
display is 80%; all coherence values reported in this
paper take into account this reduction of coherence due
to dot lifetime.
In both displays the incoherent dots were randomly
repositioned on each refresh of the monitor (50 Hz). The
coherently moving dots moved in the horizontal direc-
tion at 9.27 deg/s (3 pixels per frame; at the viewing
distance of 50 cm one pixel subtends 0.064 deg, and the
display was updated every 20 ms). To avoid the possi-
bility that the preferential looking display would elicit
an OKN response, the direction of the motion of the
coherent dots was periodically reversed maintaining the
segmentation shown in Fig. 1. There were 4 reversals per
second in Experiment 1 and 2 reversals per second in
Experiments 2 and 4.
The stimuli were generated by an Acorn Archimedes
computer. The computer randomly allotted which side
contained the segmented motion in the preferential
looking display and which was the direction of move-
ment in the OKN display.
2.2. Procedure
The infants, who viewed the stimuli binocularly, were
seated on a holders lap 50 cm from the display. The
display was surrounded by grey card and beyond this
grey curtains, and the room lighting was dimmed. The
observer viewed the infant on a video monitor linked to
a camera set immediately above the centre of the dis-
play. The observer could not be seen by the infant. Be-
tween trials the random dots were stationary and a
bright square moved up and down in the centre of the
screen to attract the infants attention. When the infant
was seen to be ﬁxating the bright square, the observer
started the trial. The ﬁxation square disappeared and the
stimulus dots started to move. For the preferential
looking display, following the procedure of Wattam-Bell
(1994), the task of the observer was to judge the side
containing the preferred stimulus. For the OKN stim-
ulus the observer judged the direction of motion from
the infants eye movements. The observer was allowed
indeﬁnite time to make their judgement. In practice,
however, it was found that during the preferential
looking task the direction of ﬁrst ﬁxation was the most
reliable cue for the majority of children so most trials
lasted about 2 s. This implies that the discrimination was
based on extra-foveal vision. If the infant became un-
settled the observer was able to cancel the trial. Because
the preferential looking task made greater demands on
the alertness and co-operation of the infant, depending
on the state of the infant when they entered the Unit,
this task was generally tested ﬁrst. If the child was un-
able to complete both tasks in one session, they returned
within a week to ﬁnish testing. In this case the age was
taken as the average age at the two visits. If they were
unable to return within a week, the data from the test
they completed has been included in the sections
‘‘Overall summary of preferential looking results’’ and
‘‘Overall summary of OKN results’’; but not in the re-
sults presented for Experiments 1–4.
When testing adults on the OKN task the procedure
used was the same as that used for testing infants.
However since an uninstructed preferential looking
procedure is not feasible for adults, a forced choice
psychophysical judgement was used instead. A ﬁxation
spot was added to the central strip of the display, to
ensure the task involved discrimination at a similar ec-
centricity to infants behaviour based on ﬁrst ﬁxations.
The adults were told to maintain their ﬁxation on the
spot. The display was visible for 1.92 s (to give a com-
parable duration to the infant PL testing) and, either
within this time or after the display disappeared, the
subjects reported the side containing the segmented
stimulus.
In both tasks for both infants and adults, the coher-
ence level on a particular trial was determined from
proceeding responses by a modiﬁed version of the two-
up/one down staircase (Wetherill & Levitt, 1965). To
begin with, the maximum number of dots were assigned
as coherent. At ﬁrst, in order to estimate the approxi-
mate region of the threshold, the percent coherence
decreased by 3 dB with each trial until the ﬁrst error was
made. The staircase then began. Initially the staircase
used this step size, until there had been two reversals.
Following these two reversals the step size reduced to
1.5 dB for six reversals and the threshold was estimated
from the mean coherence level for these six reversals.
Using this procedure it is possible that the staircase calls
for a coherence level that is above the maximum
(80%). When this occurred the staircase procedure was
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abandoned in favour of a blocks procedure (following
Wattam-Bell, 1994). In this procedure, initial trials were
at 80% coherence. Trials were run at a given coherence
level until either (a) on ﬁve trials or more, performance
was signiﬁcantly above chance (p < 0:05, binomial test)
in which case coherence was reduced by 3 dB and testing
continued at this new level or (b) 20 trials had been
completed at that level with correct performance less
than 14/20. When the latter condition was reached,
threshold was estimated as 1.5 dB above the current
coherence level.
It is possible for an infant to show chance perfor-
mance at the highest level of coherence and so no
threshold to be measurable. This implies that the subject
showed no preference for the segmented region in the
preferential looking display or no OKN response related
to the pattern direction, at any coherence level. In all the
graphs of results, infants who had such an undeﬁned
result are shown at (100%) coherence threshold on the
ordinate axis.
Whether the testing ended up using the two-up/one
down staircase or the blocks procedure the testing typ-
ically took 20–40 trials to estimate a threshold. For the
adults, it was possible to lengthen testing time and so the
coherence levels stated are the mean thresholds derived
from three staircases measured under each condition.
2.3. Subjects
In all 94 infants were tested aged between 8 and 27
weeks post-term. All infants were within ±2 weeks of
their expected date of delivery. All subjects were given
an orthoptic and videorefractive check and none showed
strabismus or signiﬁcant refractive error. In addition
four normal adults with no history of strabismus were
tested.
3. Results
3.1. Experiment 1
In Experiment 1 the preferential looking stimuli re-
versed direction of motion at four reversals per sec and
the OKN stimuli were full screen, as illustrated in Fig. 1.
Coherence thresholds were measured with the prefer-
ential looking procedure and the OKN procedure for 13
infants aged between 9 and 26 weeks (mean age¼ 15.8
weeks) and four adults.
Fig. 2 shows the coherence thresholds for direction
discrimination using preferential looking compared to
those measured for OKN. In this and other graphs, re-
sults on the two tests from the same infant are linked by
a vertical line. One nine-week-old infant showed no
discrimination between the segregated and uniform
patterns in preferential looking. This infant is plotted at
a nominal coherence threshold of 100% for preferential
looking.
The ﬁgure shows that coherence thresholds for the
preferential looking display were higher than those for
the OKN display for all subjects, infants and adults. The
diﬀerence between the two thresholds is signiﬁcant for
both the infants and the adults (infant: t ¼ 5:8, d.f.¼ 12
with all infants included, t ¼ 6:7, d.f.¼ 11 if infant with
unmeasurable coherence threshold excluded, p < 0:001
in both cases; adult: t ¼ 4:5, d.f.¼ 3, p ¼ 0:021; paired t-
test). The ﬁgure also shows that OKN performance is
relatively stable between 9 and 26 weeks, whereas there
appears to be a trend for preferential looking thresholds
to decrease with age of the infants.
To incorporate data from infants where one threshold
was unmeasurable, we have analysed data from this and
other experiments using a non-parametric test in which
such thresholds can be ranked. The Jonckheere–Terp-
stra test for ordered alternatives (Siegel & Castellan,
1988) allows age trends to be tested in ranked data. In
all the experiments the infants have been divided into 3
age groups for this analysis: 8–14, 14–20 and 20–26
weeks.
An analysis of the preferential looking performance
in Experiment 1 showed evidence for a signiﬁcant im-
provement in infant performance with age (Jonckheere–
Terpstra statistic¼ 10.5, p ¼ 0:028). There was,
however, no signiﬁcant age trend for OKN (J-T¼ 21.5,
p > 0:05). The mean OKN coherence threshold for the
infants was 19.8% (SE¼ 2.2%), whereas the mean OKN
for the adults was 8.8% (SE¼ 3.8%). Thus although
there is no trend to improve over the age range tested,
the infants are less sensitive than the adults. For the
preferential looking display, the mean coherence
Fig. 2. Results from Experiment 1. The graph compares coherence
thresholds for preferential looking (4 reversals per second) with those
for full screen OKN, as a function of age. Results from the same in-
dividual are linked by a vertical line.
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threshold for the adults was 22.4% (SE¼ 1.97%). For
the infants the mean coherence threshold was 53.9%
(SE¼ 6.1%) (if all infant data was included) and 50.1%
(SE¼ 5.1%) if the infant with an unmeasurable coher-
ence threshold is removed.
3.2. Experiment 2
The need to reverse direction periodically in the
preferential looking display and to maintain a consistent
direction in the OKN display means inevitably that the
period over which the infants visual system can inte-
grate directional information is diﬀerent in the two
displays. Wattam-Bell (1994) measured coherence
thresholds for preferential looking at 3 reversal rates, 2,
4 and 8 reversals per second. He found a large im-
provement at the slower two rates compared to 8 re-
versals per second. He found that there was no
signiﬁcant diﬀerence between the coherence thresholds
at 2 and 4 reversals per second, although the mean for
the slower rate appeared to be slightly lower. In the
second experiment we varied reversal rate to investigate
whether the diﬀerences between the preferential looking
and OKN coherence thresholds could be simply due to
this variable. The procedure of Experiment 1 was re-
peated but with the preferential looking stimulus re-
versing at the slower rate of 2 reversals per second.
Twenty-four infants participated in this experiment,
ranging in age between 8 and 26 weeks (mean age¼ 16.0
weeks). Results are shown in Fig. 3. In this group seven
infants had unmeasurable thresholds for the preferential
looking stimulus, and are plotted at a nominal coher-
ence threshold of 100%. Fig. 3 shows that when the re-
versal rate was reduced to 2 reversals per second the
coherence thresholds for the preferential looking stimuli
were still higher than those for the OKN stimulus (in-
fant: t ¼ 9:8, d.f.¼ 23, p < 0:001; if those infants with
unmeasurable preferential looking coherence threshold
are removed t ¼ 10:3, d.f.¼ 16, p < 0:001).
Again coherence thresholds improved signiﬁcantly
with age for preferential looking (J-T¼ 48.5, p ¼ 0:017),
and there was no signiﬁcant change in threshold for
OKN over the age range tested (J-T¼ 85.0, p ¼ 0:69).
The mean coherence threshold (OKN) for the infants
was 21.4% (SE¼ 1.97%). This compares to a mean of
19.8% (SE¼ 2.2%) for the infants in Experiment 1 and a
mean of 8.8% (SE¼ 3.8%) for the adults.
The mean coherence threshold for preferential look-
ing (when all the infant data collected in this experiment
were included) was 66.8% (SE¼ 4.9%). When those with
unmeasurable coherence thresholds were removed the
mean was 53.2% (SE¼ 2.9%). The relationship between
threshold at the diﬀerent reversal rates used in Experi-
ments 1 and 2 is discussed in a later section.
3.3. Experiment 3
In the ﬁrst two experiments, the total areas of the
stimuli for OKN and preferential looking testing were
equated. However, it could be argued that, for the
preferential looking response, motion information for
detecting the direction is being integrated over at most
the area of the central strip. On the other hand, the
uniform motion information driving the OKN response
can be integrated over the whole display area. It is
possible, therefore, that the diﬀerences observed be-
tween the coherence thresholds in the two cases could be
due to the diﬀerence in eﬀective integration area. In the
third experiment we compared the coherence thresholds
for OKN stimuli of diﬀering areas, speciﬁcally equating
the height of the OKN stimulus to the central strip of
the preferential looking stimulus (Fig. 4). For each in-
fant we measured the coherence thresholds for this part-
screen stimulus and for the full screen OKN stimulus.
The order of testing with these two stimuli was rando-
mised.
Ten infants ranging in age between 11 and 24 weeks
(mean age¼ 17.2 weeks) participated in this experiment.
The results in Fig. 5 show that the OKN performance
with the part-screen stimulus was worse compared to the
full-screen stimulus for all but two of the infants and for
all the adults. The mean coherence threshold for the
infants was 18.1% (SE¼ 1.9%) for the full-screen stimuli
and 27.6% (SE¼ 2.8%) for the part-screen stimuli, a
signiﬁcant diﬀerence on the t-test (t ¼ 2:8, d.f.¼ 9,
p ¼ 0:02). However, neither the full-screen nor the part-
screen stimulus showed a signiﬁcant age trend for OKN
thresholds. The regression of threshold on age was
Y ¼ 0:59xþ 37:8 (r ¼ 0:30; p ¼ 0:39) for the part
Fig. 3. Results from Experiment 2. Plot of coherence thresholds for
preferential looking response to a display with a direction reversal
frequency of 2 reversals per second compared to those for the OKN
response, as a function of age. A vertical line links results from the
same individual.
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screen display and Y ¼ 0:45xþ 10:3 (r ¼ 0:34; p ¼ 0:33)
for the full screen display. (Parametric regression was
possible since no infant gave unmeasurable thresholds in
this experiment.)
3.4. Experiment 4
Experiment 3 showed that the coherence thresholds
for OKN were higher with the part screen stimulus
compared to the full screen stimulus. In Experiment 4
we compared part-screen OKN thresholds with prefer-
ential looking thresholds in the same infants. In this
experiment the rate of direction reversals for the pref-
erential looking stimulus was 2 reversals per second.
Twenty-six infants, ranging in age between 8 and 27
weeks (mean age¼ 15.1 weeks), participated in Experi-
ment 4. Fig. 6 shows that the thresholds for the OKN
response to the part-screen stimulus were still signiﬁ-
cantly lower than for preferential looking (t ¼ 7:3,
d.f.¼ 25, p < 0:001 paired t-test). This signiﬁcant dif-
ference between the thresholds is maintained even if
those infants with unmeasurable coherence thresholds
for preferential looking are removed from the analysis
(t ¼ 8:4, d.f.¼ 22, p < 0:001 paired t-test).
Again in this experiment there was a signiﬁcant trend
for preferential looking thresholds to improve with age
(J-T¼ 63.5, p ¼ 0:035), whereas there was no corre-
sponding age trend for OKN thresholds (J-T¼ 120.0,
p ¼ 0:55). The mean coherence threshold for the pref-
erential looking stimulus for all the infants was 58%
(SE¼ 3.9%) (if those with unmeasurable coherence
thresholds are removed the mean is 52.5%, SE¼ 2.8%).
This compares to a mean of 17.9% (SE¼ 1.2%) for the
adults. The mean coherence threshold for the OKN
stimulus was 23.74% (SE¼ 2.0%). This compares to a
mean of 8.4% (SE¼ 4.7%) for the adults.
3.5. Overall summary of preferential looking results
Although Wattam-Bell (1994) did not ﬁnd a signiﬁ-
cant diﬀerence between the coherence thresholds for
stimuli reversing at 2 and 4 times per second, the mean
threshold for the lower rate appeared to be slightly
lower. The experiments in this paper provide additional
data on how infant coherence thresholds vary with re-
versal rate. Fig. 7 presents combined preferential look-
ing data (n ¼ 68) from Experiments 1, 2 and 4, together
with the data from infants who only completed the
preferential looking task at either reversal rate.
Fig. 4. Schematic illustration of the part screen OKN display.
Fig. 5. Results from Experiment 3. Coherence thresholds plotted
against age for OKN responses obtained with the full screen and part
screen OKN display. A vertical line links results from the same indi-
vidual.
Fig. 6. Results from Experiment 4. Coherence thresholds for prefer-
ential looking (2 reversals per second) and for the part screen OKN
display, as a function of age. Results from the same individual are
connected by a vertical line.
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Our results are consistent with those of Wattam-Bell
(1994) in showing no signiﬁcant diﬀerence between
thresholds for 2 and 4 reversals per second. This was
true whether or not the infants who had unmeasurable
coherence thresholds were included in the analysis
(Mann–Whitney U -test, p > 0:05 for both analyses).
Coherence thresholds signiﬁcantly decreased with age
for both reversal rates (2 reversals per second, J-
T¼ 215.0, p < 0:001; 4 reversals per second, J-T¼ 15.0,
p ¼ 0:012). Examining the three age bands separately
(8–14, 14–20 and 20–27 weeks), there is no signiﬁcant
diﬀerence in the thresholds between 2 and 4 reversals per
second in any of the age groups (Mann–Whitney U -test,
p > 0:05 for each age band). The means for each group
were 8–14 weeks: 2 reversals per second¼ 77.1% (SE¼
5.2%), 4 reversals per second¼ 64.5% (SE¼ 6.8%); 14–
20 weeks: 2 reversals per second¼ 53.5% (SE¼ 3.8%), 4
reversals per second¼ 45.5% (SE¼ 7.2%); and 20–27
weeks: 2 reversals per second¼ 46.9% (SE¼ 3.5%), 4
reversals per second¼ 34% (SE¼ 8.0%).
These results suggest that infants motion coherence
sensitivity has reached its maximum at the reversal rates
used and that intervals longer than 0.5 s (allowing the
possibility of longer temporal integration) would not aid
the mechanism responsible for preferential looking
performance.
3.6. Overall summary of OKN results
Fig. 8 shows the combined OKN data (n ¼ 101) from
Experiments 1–4 and those infants who only completed
the OKN test. Analysis shows that there is a signiﬁcant
diﬀerence between the coherence thresholds measured
with the full-screen stimulus (mean¼ 20.0%, SE¼ 1.1%,
n ¼ 59) and those measured with the part-screen stim-
ulus (mean¼ 25.3%, SE¼ 1.5%, n ¼ 42), but that there
is no signiﬁcant eﬀect of age (univariate analysis of
variance, age eﬀect: F ¼ 0:056, d.f.¼ 1, p ¼ 0:81, stim-
ulus eﬀect: F ¼ 7:98, d.f.¼ 1, p ¼ 0:006). These results
suggest that spatial integration aﬀects coherence sensi-
tivity for OKN but that the sensitivity of the mechanism
responsible for OKN does not show any developmental
change over the age range tested.
4. Discussion
This study has shown that when the same babies are
tested with closely comparable stimuli, their coherence
sensitivity for their OKN response to uniformly moving
stimuli is better than for their preferential looking re-
sponse. This diﬀerence remains even when the OKN
stimulus is reduced to a strip equal in height to the
segmented strip of the preferential looking stimulus, so
we do not believe it can be ascribed simply to diﬀerences
in the extent of spatial integration allowed by the two
displays. Similarly, the lack of diﬀerence between pref-
erential looking sensitivity at 4 and 2 reversals per sec-
ond argues against an explanation in terms simply of
temporal integration. Our results also show that there is
no change in OKN coherence sensitivity between 8 and
27 weeks of age. On the other hand, there is a marked
improvement in sensitivity for directional discrimina-
tion, assessed by preferential looking over the same age
range. Thus OKN and preferential looking reveal dif-
ferent levels of sensitivity to global motion, and diﬀerent
age trends.
These results suggest that the directional mechanism
underlying OKN is independent of that underlying
Fig. 7. Graph showing coherence thresholds for the preferential
looking response at two reversal rates. Preferential looking data from
Figs. 2, 3 and 6 are combined with the data from infants who only
completed the preferential looking task (total n ¼ 68).
Fig. 8. Graph showing coherence thresholds for the OKN response for
both full and part screens. OKN data from Figs. 2, 3, 5 and 6 are
combined with data from infants who only completed the OKN test
(total n ¼ 101).
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discrimination in behavioural tasks in early develop-
ment. A similar dissociation has been identiﬁed in later
life in clinical populations. Silverman, Dan, Tran, Zimm-
erman, and Feldon (1994) tested coherence thresholds
for OKN and direction discrimination in patients with
senile dementia of the Alzheimer type. They found that
the patients had the same sensitivity as controls for
detection, evidenced by OKN (around 22% coherence),
whereas most of the patients had elevated thresholds
compared to controls for discriminating the direction of
the same stimulus (mean 13.6% coherence for patients,
compared to a mean 6% coherence for controls).
It has been proposed that OKN is initially controlled
by a direct pathway from the retina to subcortical nuclei
(Hoﬀman, 1981), and that this subcortical pathway is
later reﬁned with binocular cortical inputs, after the age
of 2–3 months (Atkinson & Braddick, 1981; Braddick,
1996; Morrone, Atkinson, Cioni, Braddick, & Fioren-
tini, 1999). Psychophysical coherence thresholds in the
adult appear to depend on cortical systems, in particular
area V5/MT (Baker, Hess, & Zihl, 1991; Braddick et al.,
2001; Britten, Shadlen, Newsome, & Movshon, 1992;
Newsome & Pare, 1988). Visual evoked potentials elic-
ited by direction reversal, like behavioural discrimina-
tive responses, emerge postnatally (Wattam-Bell, 1991)
and presumably reﬂect maturation of a cortical mecha-
nism. Our results are consistent with the idea that
preferential looking discrimination depends on a corti-
cal directionally selective system, which becomes func-
tional around two months, and progressively more
sensitive over the infant age range studied in these ex-
periments. During the same period, the coherence
threshold of the mechanisms driving OKN (presumably
subcortical) remain lower than that for discrimination,
and varies little with age.
However the relationship between the development of
cortical and subcortical motion systems is likely to be
more complicated than this. The idea that the OKN seen
in infants is initially mediated subcortically, with corti-
cal input subsequently, came from the observation that
OKN induced monocularly in young infants shows an
asymmetric response (Atkinson, 1979; Atkinson &
Braddick, 1981; Naegele & Held, 1982). This is consis-
tent with the properties of a direct retinal to midbrain
pathway (Braddick, 1996; Hoﬀman, 1981). This asym-
metry disappears between 2 and 12 months (depending
on parameters), presumably as the cortex exerts control.
This sequence of development cannot, however, be
the whole story. Visual evoked potential studies have
shown that monocular motion produces an asymmetry
between the two directions (Braddick, 1996; Mason
et al., 2001; Norcia et al., 1991) which, although not
identical to the OKN asymmetry, is likely to be related
to it. There is an indication that this VEP asymmetry is
not present in the youngest infants (Birch, Fawcett, &
Stager, 2000), so it may still be true that before one
month the subcortical systems mediating OKN are the
only working directional mechanisms in the infant
brain. However, cortical-subcortical directional inter-
actions appear to occur during the second month of life,
and data from hemispherectomized children (Braddick
et al., 1992; Morrone et al., 1999) show that by about
ﬁve months, OKN responses depend on the integrity of
cortical motion systems. Our results do not show any
changes in OKN coherence sensitivity up to six months
that might reﬂect such a shift to a cortical role; but it is
possible that in the age range we study, subcortical
systems dominate sensitivity, even if cortical systems are
contributing. Possibly, a later progressive improvement
in cortical sensitivity may explain the fact that our
adults showed lower coherence thresholds for OKN
than the infants. However, the infant-adult threshold
diﬀerence may simply reﬂect more reliable performance
by the adult subjects.
Measuring coherence sensitivity and looking at age
trends may provide a method to help isolate the con-
tributions of the subcortical and cortical pathways to
vision. This may help us understand the mechanisms of
directional motion asymmetries seen in young infants,
that persist into later life when binocularity is disrupted.
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